Study objective-To examine the hypothesis that the higher rates of coronary heart disease (CHD) in Indians (South Asians) compared with Malays and Chinese is at least partly explained by central obesity, insulin resistance, and syndrome X (including possible components). Design-Cross sectional study of the general population. Setting-Singapore. Participants-Random sample of 961 men and women (Indians, Malays, and Chinese) aged 30 to 69 years. Main results-Fasting serum insulin concentration was correlated directly and strongly with body mass index (BMI), waist-hip ratio (WHR), and abdominal diameter. The fasting insulin concentration was correlated inversely with HDL cholesterol and directly with the fasting triglyceride concentration, blood pressures, plasminogen activator inhibitor 1 (PAI-1), and tissue plasminogen activator (tPA), but it was not correlated with LDL cholesterol, apolipoproteins B and Al, lipoprotein(a) (Lp(a)), fibrinogen, factor VIIc, or prothrombin fragment (F)1 +2. This indicates that the former but not the latter are part of syndrome X. While Malays had the highest BMI, Indians had a higher WHR (men 0.93 and women 0.84) than Malays (men 0.91 and women 0.82) and Chinese (men 0.90 and women 0.82). In addition, Indians had higher fasting insulin values and more glucose intolerance than Malays and Chinese. Indians had lower HDL cholesterol, and higher PAI-1, tPA, and Lp(a), but not higher LDL cholesterol, fasting triglyceride, blood pressures, fibrinogen, factor VIIc, or prothrombin Fl + 2.
Conclusions-Indians are more prone than Malays or Chinese to central obesity with insulin resistance and glucose intolerance and there are no apparent environmental reasons for this in Singapore. As a consequence, Indians develop some but not all of the features of syndrome X. They also have higher Lp(a) values. All this puts Indians at increased risk of atherosclerosis and thrombosis and must be at least part ofthe explanation for their higher rates of CHD.
(J Epidemiol Community Health 1997;51:394-399) Indians or South Asians (ie, persons from the Indian subcontinent) have been found in a number of countries to be particularly susceptible to coronary heart disease (CHD). It has been shown, however, that this is not a result of the classic risk factors of cigarette smoking, hypertension, and increased low density lipoprotein (LDL) cholesterol. '2 Insulin resistance, which leads to hyperinsulinaemia and is associated with centralised adiposity (preferential deposition of adipose tissue on the trunk and intra-abdominally), has been related to both diabetes and CHD' and is a possible mechanism for high rates of both diseases in Indians. Syndrome X (Reaven's or insulin resistance syndrome) is characterised by increased insulin resistance, glucose intolerance, hypertension, and dyslipidaemia with high fasting triglyceride and low high density lipoprotein (HDL) cholesterol concentrations.4 A higher frequency of this syndrome related to central obesity has been reported in Indians.5 It has been found in Britain, both in London6 and to some extent, though not completely, in Bradford.7 However, these comparisons were with white people and differences in the components of the syndrome may not be the same when Indians are compared with other Asians.
Syndrome X is being expanded and has recently been called the "athero-thrombogenic syndrome" showing both atherosclerotic and thrombotic components. It can include increased plasminogen activator inhibitor type 1 (PAI-1),8 and possibly other haemostatic factors. There has been increasing interest in the role of haemostatic factors in the aetiology of CHD.9 Lipoprotein(a) (Lp(a)) has LDL-like properties that increase atherosclerosis.'0 In addition, Lp(a), which is structurally similar to plasminogen, inhibits plasminogen binding to the endothelial cell, thus interfering with plasmin generation, and promotes endothelial cell synthesis of PAI-1, which inhibits tissue plasminogen activator (tPA) and hence reduces fibrinolysis." Lp(a) is therefore both atherogenic and thrombogenic.
Singapore is an island state with a population of 3.3 million people composed of Chinese 76%, Malays 14%, Indians 7%, and "others" 3% whose origins have been described. ' The third and fourth specimens of blood were collected in citrated vacutainers (4.5 ml of blood and 0.5 ml of 3.2% trisodium citrate). Dupont aca analyser and the latter by the one stage clotting assay on the Cobas fibrometer (Roche Diagnostica). Alliquots of plasma were kept frozen at -70°C for subsequent measurement in batches. The prothrombin fragment (F) 1 + 2 (which indicates thrombin formation and therefore activation of the coagulation system) was determined using ELISA kits from Behring (Enzygnost F 1 + 2) and PAI-1 and tPA were measured by ELISA kits from Diagnostica Stago, France. The fifth specimen was 2 ml of blood collected in a fluoride oxalate vacutainer with plasma glucose measured within 1 hour by specific enzyme assay on the Kodak Analyser. Subjects with a glucose concentration > 5.5 mmol/l who were not currently on medication for diabetes, subsequently had an oral glucose tolerance test (after at least 10 hours' fasting) of 75 g of dextrose in 296 ml of carbonated orange (Trutol 75, Custom Laboratories Inc, USA). They then had measurements of plasma glucose at fasting and 2 hours after the oral glucose. They were classified according to the results of their 2-hour glucose concentration as having diabetes ( > 11.1 mmol/l), impaired glucose tolerance (7.8 Nevertheless, age adjustment was performed. Pearson product moment partial correlation coefficients (after adjusting for age) between serum insulin and other factors were calculated using SPSS software. Age adjustment for means was by analysis of covariance using the GLM procedure of SAS and for prevalences by direct standardisation to the total population of the sample with significance testing by the Z test. All significance testing was two tailed. Only subjects who had fasted at least 10 hours (96.8% of the total) were used in the analyses of triglyceride and insulin, and also of PAI-1 and tPA (as lipaemia can affect measurement of the fibrinolytic system). For insulin measurements, diabetics on treatment were excluded. (TABLE 1) For all six gender-ethnic groups, the fasting insulin value was strongly and directly correlated with body mass index (BMI), waist-hip ratio (WHR), and abdominal diameter, least strongly with WHR (see nese. Blood pressure levels in relation to ethnic group were similar for men and slightly higher in Malays for women, with no ethnic differences in prevalences ofhypertension for both genders.
Results

CORRELATIONS BETWEEN FASTING SERUM INSULIN AND OTHER FACTORS
Mean LDL cholesterol concentrations (similar in the two genders) were similar in the three ethnic groups for both genders. However, HDL cholesterol values (higher in women than men) were highest in Chinese, then in Malays, and then in Indians for both genders. Fasting triglyceride concentrations (higher in men than women) were slightly higher in Indians and Malays than in Chinese but the differences were not statistically significant. Apo B values (similar in both genders) were lower in Chinese than in Indians and Malays but the differences were only statistically significant in men. Apo Al values (higher in women than men) were highest in Chinese, then in Malays, and then in Indians for both genders. As in studies elsewhere, all six distributions of Lp(a) were skewed to the right. Serum Lp(a) was higher in women than men, and for both genders concentrations were higher in Indians than Malays and Chinese, which showed no differences.
There was little gender difference in PAI-1 levels. These were higher in Indians than in Malays and Chinese (though for men the difference with Malays was not statistically significant) With regard to tPA levels (higher in men than women), these were highest in Indians, then Malays and then Chinese, for both genders. Fibrinogen values were higher in women than men, and while there were some statistically significant ethnic differences there was no consistency, with concentrations highest in Malays for men and in Indians for women. Both factor VIIc and prothrombin F1 + 2 levels were higher in women than men, and the only ethnic differences were for women, with Malays having slightly higher concentrations.
Discussion
Correlations between fasting serum insulin and other risk factors are consistent across the six groups, showing that syndrome X operates similarly in both genders and in the three ethnic groups. Fasting insulin is strongly correlated with obesity, more strongly for BMI than WHR as has been found elsewhere.617 The reason for this is not clear. However insulin is as strongly correlated with abdominal diameter (used as a measure of abdominal or visceral fat) as BMI.
Those cardiovascular risk factors that are strongly and consistently correlated with fasting insulin (blood pressures, HDL cholesterol, fasting triglyceride, PAI-1, and tPA) are identified as components of syndrome X, while those factors that are not correlated with fasting insulin (LDL cholesterol, Apo B, Apo Al, Lp(a), fibrinogen, factor VIIc, and prothrombin F1 + 2) are not identified as components of syndrome X. Syndrome X increases the risk of atherosclerosis and thrombosis, the latter from reduced fibrinolytic activity due to increased PAI-1.
In 
